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Arterial tortuosity describes variation via bending of the arterial wall and has been noted in 
several arteries throughout the body. Tortuous blood vessels can cause nerve compression, as 
well as present difficulties to surgeons and radiologists. Here we present an unusual case of 
multi-vessel arterial tortuosity discovered in 78-year-old Hispanic male cadaver, independent of 
systemic pathology. The left ulnar and right tibial arteries were dissected, and using calibrated 
digital calipers, their external and internal diameters were measured both at the origin site and at 
the site of greatest dilation. Both wall thickness and the number of inflection points were also 
measured. Six bends were noticed in the ulnar artery and its diameter measured 8.11 mm at its 
widest, with a wall thickness of 0.88mm. On the lower extremity, the right tibial artery had three 
bends and its diameter measured 4.86 mm at its widest, with a wall thickness of 1.32 mm. This 
uncommon tortuosity is not only more prone to laceration during surgery, but the bending and 
thickening can be mistaken for tumors. Finally, fluid dynamics can be altered, resulting in an 
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impact on blood pressure in the extremities. Thus, raising awareness is crucial to prevent both 
symptoms and iatrogenic complications.  




Arterial tortuosity involves varying degrees of abnormal twists and bends [1]. There are a 
few arteries known for their tortuous course, including the classic descriptions of the splenic and 
facial arteries [2]; however, there have been numerous reports of incidental findings of 
anatomical variation in arteries throughout all regions of the body including the head and neck 
[3,4], thorax [5], abdomen and pelvis [6] upper limb and lower limb [7,8]. These incidental cases 
report findings generally with involvement of a single vessel are distinct from arterial tortuosity 
syndrome, which is characterized by "severe and widespread arterial tortuosity of the aorta and 
middle-sized arteries" plus craniofacial involvement and skin or connective tissue disorder[9]. 
While the exact causal mechanisms of arterial tortuosity are unknown, it has been associated 
with senescence, high blood pressure as well as other cardiovascular risks, and is more common 
in females [1]. 
Clinically, both arterial and venous abnormal tortuosity has been associated with 
compression of nerves [10–13]. A tortuous ulnar artery may also present difficulties to 
neuroradiologists, radiologists and surgeons during relevant procedures [14,15]. Regarding the 
lower limb, previous reports had no comment on clinical implications of posterior tibial arterial 
tortuosity; though tortuosity of the accompanying posterior tibial veins has been linked to 
entrapment of the tibial nerve within the tarsal tunnel [16].  
Here we report and discuss a unique case of distal limb arterial tortuosity discovered 
during a routine cadaveric dissection. While there have been reports in distal limb vessels, to our 




The presence of an enlarged and tortuous ulnar artery was observed during a routine 
dissection of a left upper limb in a 78-year-old Hispanic male cadaver.  The left ulnar artery had 
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a typical appearance at its origin from the brachial artery; however, ~66 mm proximal to the 
flexor retinaculum, a significant winding pattern was observed with sinusoidal bends and a 
widened appearance (Fig. 1). Further dissection revealed a mildly enlarged but not tortuous 
artery on the right side (Fig. 2). Dissection of the lower extremities revealed a similar pattern in 
the tibial artery with enlargement and tortuosity noted on the right side (Fig. 3), while the left 
appeared relatively normal. Further inspection and dissection of the arteries in all other regions 
were unremarkable. 
In a questionnaire filled out prior to the donor’s death, they self-reported a brief smoking 
history over 50 years prior during young adulthood as well as a cancer history but did not specify 
which type. No enlarged lymph nodes or abnormal masses were seen. The University of 
Massachusetts Medical School (UMMS) Institutional Review Board determined this case report 
(#H00020805) is not human subject research. 
 
METHODS  
Terminology for describing vessel appearance and classification of the anatomical variation 
is based on Ciurica et al.[1]. While there is currently no standardized measure for determining 
the amount of arterial tortuosity in two-dimensions, three main methods are used consistently in 
the literature. The first method is based on a sum-of-angles metric, typically defined as the 
deviation from the anatomical normal straight path of the vessel. This metric is usually provided 
as a total number of degrees or as a ratio of straight-line length[17–19]. The second method 
calculates the degree of angulation from a center line of flow, often as a mathematical measure 
of curvature, or amplitude[20]. This measure can be thought of as representing ‘wave-height’.  
Lastly is the ‘distance metric’ (DM) which provides a ratio of the vessel path to the straight-line 
measure and can be used to describe the actual length of the vessel versus the anatomical normal 
length. In cadaveric studies this usually involves excision and straightening of the vessel before 
measuring[21,22]. DM was chosen as the optimal assessment of vessel tortuosity for this study 
as it would more accurately represent the normally straight arteries involved. To achieve this, 
measures were collected for straight-line length and path. The two vessels with greatest variation 
(left ulnar artery and right tibial artery) were subsequently removed for further analysis. For 
these, vessel external and internal (lumen) diameter was measured at both the origin and at the 
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site of greatest dilation, wall thickness was also determined at the same sites. Additionally, the 
number of inflection points (bends) was noted for all vessels. All of the measures were taken by 
two observers with calibrated digital calipers. 
 
RESULTS 
The diameter of the tortuous segment of the ulnar artery measured 8.11 mm at its widest, 
whereas it was only 4.66 mm at its origin (Table 1). The arterial walls of the tortuous segment 
appeared thickened, and the lumen of the artery measured 4.2 mm (Fig. 2). Six bends were noted 
in the left ulnar artery prior to diving under the palmar carpal ligament and continuing into the 
ulnar tunnel (Guyon’s canal). Upon continued dissection of the hand, the ulnar artery terminated 
into the superficial palmar arch and common palmar digital arteries. The tortuosity seen in the 
ulnar artery continued into the distal palmar arteries. In the area of tortuosity, the wall thickness 
was greater (0.88mm) than at the origin (0.47), resulting in a reduced internal diameter of the 
lumen (4.07mm vs 4.58mm). On the left, the ulnar artery was then traced proximally and was 
noted to be typical in size and shape proximal to the bends. No aneurysms were noted, and no 
8.16 mm at a similar site to the left-sided enlargement. A slight bend was seen distally in the 
artery, 30 mm proximal of Guyon’s canal, but a torturous pattern did not exist. Abnormalities 
were seen at the origin of the vessel from the brachial artery. The brachial artery was also traced 
proximally and had a typical appearance. Dissection of the right arm also revealed a slightly 
enlarged ulnar artery which had a diameter of 5.70mm at the origin.  
Dissection of the lower extremities revealed a tortuous tibial artery on the right side with 
the left appearing normal. The diameter of the tortuous segment of the left tibial artery measured 
4.86 mm at its widest and 3.47 mm at its origin. Again, in the area of tortuosity, the wall 
thickness was much larger (1.32 mm) than at the origin (0.81), resulting in a reduced internal 
diameter of the lumen (2.77 mm vs 3.66 mm). No other vascular variants were observed.  
 
DISCUSSION 
 Numerous distal limb arterial variations have been reported in the literature[11,14,23–
26]. The present case reports a cadaveric dissection revealing a distally tortuous ulnar and 
posterior tibial arteries, without any other vascular abnormalities.  This is a particular import 
given that multi-site tortuosity is associated with systemic pathologies such as arterial tortuosity 
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syndrome. While the exact cause of arterial tortuosity is unknown, several mechanisms have 
been suggested including calcification of the arterial wall as well as inconsistent arterial repair 
mechanisms[27]. Additionally,  it can be related to age, loss of arterial elasticity, and position 
relative to the joint axis[8]. Both genetics and vascular pathologies, including hypertension and 
atherosclerosis, may play a role[27]. The presence of tortuous tibial arteries as well could suggest 
a systemic pathology, or genetic cause, as the reason for the tortuosity in this donor.  
The ulnar artery is one of two terminal branches of the brachial artery. It arises from the 
brachial artery in the medial aspect of the forearm, typically distal to the antecubital fossa, and is 
the primary source of blood supply of the medial forearm. Typically, it is accompanied by the 
median nerve in the proximal forearm and by the ulnar nerve medially in the distal forearm and 
wrist. The ulnar artery terminates at the superficial palmar arch, where the arch anastomoses with 
a branch of the radial artery, the other terminal branch of the brachial artery[28]. The posterior 
tibial artery is the more posterior branch of the popliteal artery and supplies the posterior 
compartment of the leg. It gives rise to the fibular artery and terminally bifurcates into the medial 
and lateral plantar arteries. The posterior tibial artery courses with the tibial nerve and 
accompanying veins in the tarsal tunnel. 
Variations in the upper limb vasculature have been well documented in the literature. 
Previous studies have described and classified upper limb arterial variations such as a superficial 
brachial artery, an accessory brachial artery, a superficial radial artery, and arteries with higher 
origins from the brachial artery, among others[23,29,30]. For the ulnar artery, thrombosis and 
aneurysmal dilatations are the most common[31], other variations include proximal origins and 
superficial courses.  There have been well-documented cases of variations such as a superficial 
ulnar artery, which poses a significant issue during forearm free flap harvesting[31–33] yet there 
are only a limited number of cases reporting a tortuous ulnar artery. It has been reported that a 
looped and tortuous ulnar artery is the rarest anatomical variation seen in the ulnar artery[14].  
Arterial tortuosity has also been described in the lower limb. Tortuosity has also been 
reported in the popliteal artery and tibial-peroneal trunk[34]. Reported variation of the posterior 
tibial artery is primarily related to the level of its origin or terminal bifurcation, as well as aplasia 
or hypoplasia[35]. Studies examining tortuosity in the posterior tibial artery reported a 
prevalence of 26-35%[36,37]; these studies focused on the region surrounding the tarsal tunnel.  
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Using ultrasound and doppler, Ashraf et al.[38]. determined that the mean average 
internal diameter of the ulnar and radial arteries were 2.4 +/- 0.4mm and 2.3 +/- 0.4mm on the 
right and 2.3 +/- 0.3mm and 2.2 +/-0.4mm on the left. A cadaveric study also reports the mean 
internal diameter of the ulnar and radial arteries to be 2.5 and 3.2 mm on the right and 2.4 and 
3.0 mm on the left[39]. We report an internal diameter of 4.2 mm of the left ulnar artery with an 
8mm external diameter suggesting that the tortuosity increases artery lumen and overall size. 
Early computational fluid dynamics studies in tortuous coronary arteries suggest that such 
changes may impede the ability of the artery to self-regulate blood flow during increased 
demand[40]. Nevertheless, tortuous distal limb arteries carry significant clinical implications.  
 
Clinical implications 
Vascular lesions in the ulnar artery, including a tortuous artery, can result in nerve 
compression. Reports have linked a tortuous ulnar artery to Guyon’s canal syndrome, a condition 
that causes hand numbness, pain, and tingling, resulting in a significant decline in quality of 
life[41]. The canal of Guyon, also called the distal ulnar tunnel, is a fibro-osseous space 
containing the ulnar nerve and its branches, the ulnar artery, as well as veins and lymphatic 
vessels[42]. Symptoms may be caused by ulnar nerve entrapment in Guyon’s canal, due to the 
proximity of the nerve to the mal-shaped ulnar artery[10,11,13]. This is also true of the tarsal 
tunnel in the lower extremity. Machiels et al.[43] reported that dilated or tortuous veins in the 
tarsal tunnel can cause compression of the posterior tibial nerve resulting in tarsal tunnel 
syndrome. The variation seen here in the posterior tibial artery may also have implications for 
tibial nerve blocks and calcaneal pin insertions. A tortuous posterior tibial artery is exceedingly 
rare in the literature, but it is reasonable to conclude that such an artery can compress the 
posterior tibial nerve and cause symptoms.  
Tortuous vessels are problematic during surgery, imaging, and interventional procedures. 
On imaging, tortuous arteries can appear as solid masses, which can be mistaken for tumors[12]. 
A winding and tortuous artery is also more prone to laceration during surgery[12]. Further, the 
multiple bends seen in these vessels are at risk of perforation in various procedures[14]. The 
ulnar artery is also becoming more frequently used for percutaneous coronary intervention if the 
radial artery is deemed unusable[44]. In this circumstance, understanding the exact shape of the 
ulnar artery is necessary. In addition, the ulnar artery can be used for cerebral angiography under 
6 
 
certain circumstances[45].  Finally, in patients undergoing dialysis, the ulnar artery can be used 
for creating arterio-venous fistulas[46].  
In the aforementioned cases, knowledge of the ulnar artery’s actual shape and positioning 
is crucial. Ultrasound and MRI can be used to determine this information when necessary, in 
attempts to reduce both the symptoms of disorders as well as iatrogenic mishaps.  
The abnormal variation in the arterial pattern noted here would have an impact on blood 
pressure to the extremities. Blood is an incompressible viscous fluid, and basic fluid flow 
mechanics principles can be used to extrapolate the impact of the variation on velocity and 
pressure[47]. The Hagen–Poiseuille Equation is used to calculate the flow of viscous fluid in a 
cylindrical pipe[47]. 
 As per Poiseuille's Law, the viscosity of blood will cause a pressure drop, proportional to 
the length traveled[47], therefore the longer path created by the tortuosity seen here would result 
in lowered blood pressure travelling through the artery. While the vessels appear externally to be 
enlarged at the site of tortuosity this is an impact of increased wall thickness which actually 
results in a decrease in diameter of the lumen. When blood flows out of a larger circular pipe, 
into a narrower diameter its velocity will be increased, however its pressure will decrease[48]. 
The narrowing of the vessel and the elongated path of the tortuosity could then be described 
cumulatively acting to result in decreased pressure. Additionally a decrease in pressure would be 
created by the inflection points (bends)[49]. 
The analyses presented here had a number of limitations, importantly the vessel’s external 
and internal diameter was measured in two dimensions, essentially a representation of flattened 
width versus true diameter but this was internally controlled as all were measured in the same 
manner. Additionally, the dryness of vessels as part of the embalming and dissection process 
may have led to some shrinkage of the tissues. While vessels from both sides of the body were 
able to be measured for the upper limb it was not possible to take measurements from the 




 The current report suggests that arterial tortuosity can occur in multiple sites distinct from 
the systemic, arterial tortuosity syndrome. A proper understanding of a patient’s specific regional 
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anatomy is vital for radiologists, surgeons, and clinicians in general, as unknown variations can 
lead to unexplained pain and iatrogenic injuries. Raising awareness regarding ulnar artery 
tortuosity should help to reduce such events.  
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Table 1: Results of measurements of arteries in millimeters 
Measure 
L Ulnar - 
Average (±sd) 
R Ulnar - 
Average (±sd) 
R Tibial - 
Average (±sd) 
Straight-Line Measure (SLM) 
132.06 ±2.14 75.45 ±3.14 115.73 ±1.27 
Path 
151.86 ±3.94 93.98 ±0.91 130.22 ±1.97 
# of inflections 
6 ±0 3 ±0 4 ±0 
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External maximal diameter 
origin 
4.66 ±0.11 5.70 ±0.26 3.47 ±0.04 
External maximal diameter -
widest point 
8.11 ±0.49 8.16 ±0.42 4.86 ±0.11 
Internal maximal diameter - 
origin 
4.58 ±0.06 - 3.66 ±0.11 
Internal maximal diameter -
widest point 
4.07 ±0.11 - 2.77 ±0.07 
Wall thickness - origin 
0.57 ±0.05 - 0.81 ±0.01 
Wall thickness - widest point 




Figure 1. Ulnar artery on left side. Arrows signify abnormal sinusoidal bends. 
 
Figure 2. Ulnar artery on right side. There was mild external enlargement and a slight winding 
nature. 
 
Figure 3. Tibial artery on right side. Arrows signify abnormal sinusoidal bends. Dotted lines 
highlight the area of external enlargement and a slight winding nature. 



